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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
recording medium suitable for the high density magnetic 
recording operation having the high resolution, low noise 
and small thermal fluctuation. 

SOLUTION: This thin film type magnetic recording 
medium is provided with magnetic layers having at least 
two layers formed on a non-magnetic substrate, and a 
non-magnetic intermediate layer held between these 
magnetic layers to make the magnetization of them to 
be unparallel, and such magnetic recording medium is 
used that the ratio HkB/Hka of the magnetic anisotropic 
magnetic field HkB of the magnetic layer at the side 
near the substrate to the magnetic layer anisotropic 
magnetic field Hka of the magnetic layer at the side far 
from the substrate is <0.7, more preferably >0.4 and < 
0.65. 
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[»*s 1 1 jwtt»«±i=»***ifc** < fc * 2 11 

«:-efco-C. aMR|=ifil^©«ttH»aW**tt«* Hk 
itHk2/Hk1*<0. 7&LT-e<fe*- t 
[Mt*fll 2 ] JigHm^tt«^rottHk2/Hk1*<0. 4BLtO. 65 

[R**3] gW1«ME±l=»****:**< fc * 2 " 

frft&L»*«*+"* fc **** ,,,Ba,ll * E,tMI 

!B©2 0 0'y;ue>lCt5l->-%«18*i:1 0 0+**!* 

|= j3lt*fl«* t Lfc<t 
HcoB £ <0 itHco2/Hco1 *<0. 7 KIT "C fc £ - 1 * W* * 5 

[ll*JS4] JiSE««;&<&itHco2/HcoltfO. 4JU±0. 65KI 

often*. M«ttJii=»**>- 

tticgivc. awi=atHi®«ttiiAa>2oofrinf> 

left 1+ i OO^evCfiWW* 4 :** 

jib© 200W e >i=ett*««* tioo^e> 

•y * ©*i|>^0«ttJBA<D»*-*fiia>*'t>"eHcoAi: ft* 
tt«l= felt* ~ KWM> ^iSjfiE^OJM h7 7 

**A~©«MHtt*<iH/dx, K«ftK»ffl' s ? KtJBi* 

^Traff fiS (HcoAHcoB) / UaxdH/dx) A<0. 

[IS** 6] ±IBffi (HcoAHcoB) / UaxdH/dx) A<0.9 

©5814)1*. ««tt»l=»*n. 
A^-KuAfc OTttKuB/KuAA'O. 7felT-efe*> - * 



[it*Ji 8 ] ±I5ttKuB/KuAA<0. 4fcl±0. 65KIT-C £> & - 
£ $4$tK t r Sit*]* 7 1dK<0«SIIBS!«<*o 

[81*319] 3 O^Ulf>l="C, K^^ftl-iB** 
giUDUTiaSliaWS-B-fc*, 1«»'3000A/iO 

Bt#fit*<'>fc < * 1 2oa±oe- at?— f 

[8f*Jll O] #tt^*±l=»**ftfc'>*<fc*.2 

$W»iLT«m«&fa**fc*. I«»»sooo*/i 

*&i=***i=«**Hiin 

**> 2 osLtotf— * 
to* & l ras * saKSttStES 

[1**81 2] JtfE£«l-i£LMIia>«14Jl* LTCo * 
fcliCo $SJS»i:U. Fe, Ni. Cr, Ta, Pt. Pd<D*A>t> 

[81**1 3] ±SB#«tt*raHA<, Ru. Ir, Rh. Re. 
Gu. Cr. Al4»6****6»l*Hfc**< 
■ft**50at%«Lh«t?**. *t=l±Ru. Ir, RhO)+*^ 
63Btf*tfc'>«: <tt1 SSIia-tCDTcStrt. PdA^^S 

&&mtr sw**i3i=iE««>«siB«»<*« 

[Sl*flli 5] ±ffi&ffi^&S£HU©«ttli* <Cc K_ Fe * 

iaCfiSOKttJlA^Cr, Mo. W. Ta. V. Nb. Ta. Ti. Ge.^ 
Si. Co. Ni*&fc*#*&SI**'fc'>*< t* 1 
**50a«tt±#t?*«ttT*l«±l=»i«*frfc = t * 

[H**l 6] B*«ft*fit»*****«' x '** 
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[itsjcJSi 7] te^sei-. ia*a«jfi£g;&< i . btki± 

5, £fcl46, *fc(4l6lzIEK<Da^ifEtt&a. 
[0001] 

SSffiJlSa^lzm^ti&ffim^r-rX^ga, T-rv* 

»mmz% y. ^ffisiH®*n^-r*jiT?»jiJS: 
•5. 

[0 0 0 2] 

[«£*©&«] itfgesoiHH (teg) sat i*. ¥3i 

*t. *Sfi • «=iX hfro3F»3gft(Dg/Si^f, ESSIES! 

gat LT«tttt>^y*m^<b;h.Ti*.&. aftft^t 
'j<o£3£i4. a^T-fx^ga. &w&%.T-y. mm. 
*-K^at?fe-5«. atia^r-rx*. «S,7 L -^ , -V>«Sl* 

Lit. ^iIfS^gi£*JfflLfcS£&*m*t>;txS. s 
Itii&XthtimU&lzmzEH-t ItiT^&o @i oic«t 

%T4xi>£m<om*mmz™-f. (a) 14. ga 

0>¥®@. (b) 14 (a) (C^S*tfcA-A-T?©Biffi@$ 

iSiiJgttl O 1 I*, i°]6«i£l*1 O 4lc@5g£ 
*l. ^E-* 1 0 0|Z«fcy[sl&rS. 01 0tH4 5ft(0HE 
flirVX*. 1 0*08*'"? K*»«Lfc«l=J3l* 
T, ^flT-fX? 3ft»tlS^»> K4*l::OL\TsSL 
fc*<. flSft^r-f X? 1 ttJil±. Kl *JJLfT?fc 

tll*fit\ «§v^-v K1 O 2I4. IHEr*E»J«{*Bi-t 
«§t^-;/ KI4. 7-M 05^LTP- 
$ iJ7^fai-$ 1 O 3l::3E4#3*t-S>. txt>->a 
> i o 6 14. ISa 7 K102 £S5Si!g(* 1 o 1 tzmm 

"Pit, PRML (Partial Response Maximum Like I i hood) . 
fe§tM4Z4x$X>y\>X LfcEPRML(Extended PRML) t 

C*tf>l4. *r-X1 O 8S|IClsy#ltt>4iS. 

1401 1 l=*-r«3t^t.«/S$*i*. S^ii^gBl 1 1 
14, iftg#l!=J-r;H I 6£C*i.$±TI::&*A^>at§i 



Mice^-**ifc«si i 7tiii i s *l 

aiei i 7 tatgi i 8i4. *i=w£B/<9— 
zmfonxz* s^ssi i 2i4. a^setas^Ti i 

«>a>m*ii 1 9*>e.««**t-5. c*ie>s#ii*sp±:?i 

£g?roRSIlcl4. Hfittfcv'— 1\, KJf £3M3&«&1 1 8 

*^it&*vr^i) 0 mmvm&i&m* zaTm\za. 

14. c©->— ;uKJii i 5t«g(v-^Kifffl)l 1 

s taifsmmt^^ii^ jiiji<D«tgspi4. 

±IB«Efi'S'y KX^-fSM 1 1 0±lcJgfiE**fCU5. 
[0 0 0 3] 

**#fi^b-r-5i3(4. Hi oroiHg&tti o i diesis 

4x-S«<bttffi^^!ga<b-rtl«J:t^ L^U SEfcfflU 
€> *tt I* 5amiS^(*l4Sx/h t-«^itiT 

< 4 y / -r x^* # os § t in ? p>g® -3 fc. c 

Z^tT'S 4 X1&m2®-oT*T^Z><. gift 
<t»^50XJJl±.«>S!l*-e* t>l-12@&££^#>1 5Gb/in2 

fi^OttSAM^OEE-Sroir^ts ^St.^l-«fc-SI2S 

i4, j®t*$iifi£-r*s^owbA<ssr-se*-B-e»*t«.^ 
m-c. y-rxfi«rofc«>i-«i^rog^* <-r-5i:^ 
i- 4 -So c©f=«>, gi$t»i3 < fcoTg5g**ifcSffi«m 

a8it*^rt>i>, ^fcaoOO^rointermagSfe^^tt. 

8SM««i$<j*fSgi: Lrm±ai. iBH«ty, ffitt^A<Ru* 

^LTS^ffittWI-e^LfcSrtJStt: .(AFCSM* i: P? 
-5-0 *<^3g*ttfco C©gfL<S^**i.fcl««:l4, S$ 

(AFC) Jg<*l=OL%T15iia-r-&. 0 3 l4&{*OT»r®8S5£ 
SttfcTJUlttJf 1 2, *&(=.|f«14tt3ra^l 3^L 

•c^$*i.fciBg«tt^i i^t.fc-5. **tt*paHi 

3 t LTRu^ffl^-Si:, IESt«t£Jfl ltT^«1t^l 

2to>mz&tkftKftmwm< cfc5lcS-S. croi:^© 

«S#x*-Mf-JI4, Ru*«14*Pb1^1 3roJ¥$lc»L 

T0 4i^-ri5tcSi&W'Ef^^b^-ri> < , iES«tt^i 

1 roat-lb75lRli:TMaEtt^1 2©«{b^lRll4, 
x^.;u#-jA<a<0ffl*i:-5i:#tl4S¥tTlc, 3E^ig 
^x^.;u^-j*<iE<DM* 1 5 <k ^lrl4¥ftl=Ea-r-5 
«fc J 5'S5Sm*aSftffl* t ffi<. *CT?Ru!MK1±ipfiillI1 3 

rois^Mroe- >roji*ici£^-r-i>ri:i=«fcy, ih 
@«tisi i a>anbtTJB«ttJBi 2<offi{b<t^s^at 
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j?£Be«Mb©iiuy*£<«s*' <7Jt ' r *' 

k : T : «*ta»***u<v1+ v2)/(W 

T>**y. lesatttHi uwfc©(Kij*vi)/(K*T)i=ifc^ 

T TH«tt»1 2©fcOK0«[ C(Ku*v2)/(k*T)) t£l+ 

to, **«>»fDank*«se»tt<=** u-ciis (vi-v2) /vi t 

(2*Ku/Ms) I*, (2*K U /Ms) *(v1+v2)/(v1 
-v2)£fc*. Ufc*«o-C»tt*3Ett*»*3fcL-C^* 
Xft<-r*UW*«. aftKDRWMW 1 **^*^ 
*<SSS*V-&= Lj!pL, 2001#©lntermagSIS£«'S 

i*. Ram****** y ** < ft t*rem*-ci*»* 

tt*-ci*. «wmh=wh«J1i -I roantiTimtt 
*seea©ii«i*. 

€1 ioiftfc, li«¥fr-e*^fcTliiai4Sl 2©* 

«. s&«*fti-«fc*>R*si*^& s ' c * fco ' c ' ,5fcA,4f 

i* u »*« 

**#<**. «i»i::ftpaw*««^' *<» 



*s@ $ ;h,fc«ai4Ji<ofcii cr t ©«fc*<fift si^se 

■T E 5 < a >'*' S»3 0 0A/ B ©*f 
$ * *"C »S LfcfitttH z & * SAFC 

#£*ft< uth?7 **i6]©*ftft8*"ess£«s 
-f *x©*£ft*#~* fl; " r * ,ffllz * 

-5. 0 5 (b) I*. B 5 (a) fl)S8(DIH^-^ 

*«jn=*o-c«»ufct«>-c**. Hs(b)-ei*, * 
«ni±, «jm<o ©»■«■©*=*. T»Bttt»©«<b 

t^ttx^So 06(a). (b)l*. HSfcHtAFC 
3 O O 0 OA/bO***^*******^ 

£ 0 H6-CI*. T^«14ProiS1bSe^«.«^* < IS^ 0 
^WiLtM»*»*». Hill***©****** 
fr,fcfc»l=TJi«ttJWfflHbR«*-** -f S 
=h.t-fcto*#;L =*il=»LTE»«ttH»Wk 

■©MMM^******* 6 0«Tlf *wfcl=* 

y, letuWtHUi-^Mifc. B6-ei*. 
*JM«0 ©«■*«©**. TJ«1M«WMfc*«*. 

*fcii«fcy«s-e©ais-ci*. th 
^14® ©*ibs«-r « <° ffi ^ fc 

2) m-h;i/— -^aisi*©a*s5iaa*-s 
tut, aam5ias*K*fc**t | * l **« a " t 

i=A**-e©*nB<f*ios y»fc#*. c»»W*"ei= 

0#a^©AFCH#l=S^-C«l*Ufci:C%. «S»3 0 
0 0A/n,©^#*t?aE#SS£1b$1i-*li^l=l±. I*** 

ft, TH«14Ji©WbRlBl-»*B-*'*^-'f 

iiL*to*fci*^9*o«"e* ! W**'' %=fc * l **" :,fc * 
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l^m-em&-?H&Bil\ O.±0>*.5lZ, AFC{®tt:£;£ 
f='>tt<£t2fla>«14Jf gBSttJl left**!, i% 

mmmm%&Mt&mz, AFc&ttro&ric^-rto-efc 

Wt<S5t<5ttS. #«teJKDJ$e«<b<Z>:*:£;* 
I*, E5T?^Lf=£«t4Blc«£T£«<ba>3£-fbfia># 

®«tt^fl)SI®«<b-eeELfc4,<OI*, g£0)*5c£l# 

*j§^*<#u^ siaiico^t*!*, siiifls^bSfccfci; 

SU ^ £53. 5, 2.5. 1.8, IS 
?©P!ItttL<lif-^ a-K0>I£tt£LTi3y, 
$€>l-SSI-Cr s Ho. H. Ta. V. Nb. Ta. Ti.. Ge, Si. 

50%Jil±-£t<\ Cr. Mo. Vf. CrMo. CrTi. CrCo. NiCr\ T 
a. CoCr. Ta. TiCr. C. Ge. TiNb, 3EllttCoCr/CrT i fg 
UTife. *«14CoCrTa/CrTi/CrgSTlfe^<7)^»14^$ 

ttS, KlS)1±^A<«g^r-#S„ «H©#«t1±Jf £0Jf<b 

-rzztiz, ®ffl<o&&m.i)<mz.. <®iz%u%z,&o>is.m 

fBfiJgtfci: LTflH*Tl*4, Co-Cr-Pt. Co-Cr-Pt. Co-P 
t. Fe-Co-Ni&$f|<OCo. Fe. Ni*>t>£:-5??J^t>3Ili;h. 
t='>fc <ttl §<D*)l7Em^50at%UlJi^t;jgSM« 

TJI«14ll0>MJ?£8®«<b©^£-£l::«-3i§^, T 

^«tt^rotSfQat<bA^#LM$ir, Tiattiiois$ 

JftLTCo £fcl*Co £±fi£#iU Fe. Ni. Cr, Ta. 
Pt, Pd(0*A''t.Sli*tt='>'S:<t : t,ia(D7c^^#t,^ 

«>«>, lr, Rh. Re. Cu, Cr£ffll^.& £ Egtf *-£«M4M 



PttOSfOitA^t^CO-e, LTCoCrPt, CoCrPt 

mt&izit, aEttig*opt«afiE^, «ttig<B3E«i£*fa 

fMt LTffifO«<b<B*#&«*4£^5<BfcK8lltt*S 

&T*ii*#ttjEaflM£ttftttJi*tff&*t«. wan" 
■ei*T-^e,*t5s«ai4S-&«siiRFx«- ?mroi/3gg 

te+feUf i LTIr, Rh. Re£fflO-&it^(*, Ruttt'CT 

^S^gl-fal^Tl,^. Ir. Rhl±e&;6£5L3irofcto. Co 
CrPt, CoCrPtBH(DPt£^t?^&£ffll^&ii^l::li, £ 
a«tt«^«**ft!«|-r*fc»l=. ffittH*OTPtlS/£ 

Rh. cui*. sia, stti=st?*stf*y. 

JE*ttttltettl|L£<a*l=ttSJ*£t.Ru. lr, Re<0&<g 

Ru. Ir. Re li, 5%&tt«£&j!L*t»C>*1.-&fiiJ?0>9E 
•5. !HBtt4>lM£ LtCu, Cr^fflLN^li^tt. Co-&^ 
ElRl14**lRl-h-r-5. Cr$fflt%Sli^l-(t, s-rs«tt 

si«ttii*ai»*«»6*i.Tftt*. pe^AFcjg»<»3f« 

Ru. Ir. Rh, Re. Cu. Crt,L<l*, Ru. 
Ir, Rh, Re, Cu, Cr©* t>gl#h.fc4>tE < 1 1 1 ^Sl 

lz, Ru, Ir, Rh<D**MbStf*tT='>'&< i: 1 1 SSiJUJt 

a>5t*i:Pt, PdA^e,s«*ifc'>'S< i mm&.±o>7i 

e*X*;U*— $ O ~ 5mJ/m2<DJ£t^®ffl■C S £ A*0£ 
Slc$tjai-r5ci:A<Rrflli:JS:5. C4xli, Pt. Pd lz&. 
&W&&&ftmi>m< (J=0) . Ru. Ir. Rh. Pt, Pd*< 

at^a#AFCJS(*©*«ttd3raB|z|*, Ru, Ir, Rh. Cr 
tL<l*. Ru, Ir, Rh. Cr<Ott>fr£>mii*ltz'Pte< ti, 

^^o AFcj«ft:icfeits«-«ttso5«am^tta^a)jfflS 
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I. 85. No. 8. 4720(1999). ftflgJ§ifc»£f. 

(2 TZ f / r ) "2= (Hr-Bs) (Hr-Bs-Hk) 

t?^ *. f,^S*Hi56HLHrA<&«14g<OHkl-«tS U-C x & 

*t*. ««»■«« (mo i~*y. ai3ta»<»8Mba 
^♦i^e^-rs^. afc»*©t 

HtfMlkBi, E»«ttJi<»*«R*tta*HkAt©itHkB/ 
HkAlc^CTaElbS^liA^^-rS. #JfBrt&t*£<B 
j±KlzJ:y, tfcHkB/HkAtfO. 7 Eli?l1£lf£ 

*L<ftt*. ttHk2/Hk1*«0.4BLhO.65filT-C* 

y, ;u- JESMttlMMW 

HexBfc^-C^S. ESi«14Jf £TJfBlteJI<B£3$«tt 
WX»«Sf*ffi«>***JI*' HexB/(»sB*tB)-eaat & 

ns„ fcfiu msb, tBi*. Tmm^mommmittm 

El 8 1*. EMtttJI. TH«ttH<D««*«>aS 

rey. 2oowe>fe*tf i oo^r7ue>i=fcit* 

*«»fc*«"C»*i:ISia5lft»0»=«r*. *S5SI~i3 

«ttM05ffe»SS?SI^S3 l+S«ffi*HcoBi: <DtbHco2/H 
col i=*t^-*ttfl:WMIo*»l*. ««R**tt®ttHkB/H 
kAtnircfc*. *fc»MW>*»»*»>*=* A * 

fc«* o -C. E««1tH©»»eS©^ 
©»*lttfc»=JII**-*. fit (HcoA HcoB) / UaxdH 



/dx) *«o.8*y^*t^»*i=i*. TH«tt»»«ft** 
* & ©WW»=fMJ-r « * 5 1- ft y . WbWMItt* 

aicJU*-*-*. fit (HcoA HcoB) / (7raxdH/dx) A<0. 9 
«Mb*»»6*t*. fit (HcoA HcoB) / (jraxdH/dx) *< 

i. 5*aji*a^i=i*E««itsa)3i»fi*tTiB«tt 

SM«e**DCJBaU**y*»Sharock©*l=7-f v 
T -f >7 L- T#tf>fc K j8 IB A* & H«St K /S =Ku*v/ (kT) * 

— KuB<t, E®lKttSO>«mR*ttX^;U^-KuAtro 

tkKuB/KuA*<o. 7*axst»«ffi* < E»aittHmai<oat 

ttH A 1 * &ft «fc y B < ft tt*uB/KuAA<0. 4KI 

±0. 65JSLT-ea5*fclt»K»*:BS*«>**«#**® 
C©i:£©AFCjg{*©K0fitl*, 

mu>mmt mmmo^t^mzit^x 3 o %«Lt** < 
jtt±©*3ft««**it«>«ifl :, =** AFC 

emu, TBKttso^sia^stLTfey, 

ttJWfl&ftfti** 3 0^r;nfi/l-t, M^»3 0 

■©«fcK»=*t*-r * e-* 4 ^-xrofit^ito^ 

gA<*-&o E»**ifcflNW!>ll£l=l*. g*8tm«Sta 

fT?*i?. «^«aa**ro«ii+*#y"c^ 

*ft20dBSLt©*«S/N*«#&*u EPRML-V>EEPRMU hU 
gxfi*. ECCHt*a^^t?-&-5*-C-®E^?BS40 Gb/i 
^lili-CE^S^i"*^*^**' ESS5I^. ISfQffi^ 

•e, ^u^^ftawiJMtftir-rftEMttJittft*** 

*«*5l=ft*»"C»*H' % « ^^^^ 

(OMR) « ajfh^+MOHl^vPfcW-C 

I*. ^§BBB6 1 -097906, 1 5 7 

2, 1#Bfl¥0 4-3 58 3 1 O. O 7 - 3 3 3 O 

1 5. RlMtlffiSF^-l 48643. 02-21 89 

0 4#*»ill=E«**fC^*a«-e*y. KrFX-r 

•y/<|Zj:i> l J 7^77-f, tKliF I B7JQXft^^ 

[0 0 0 5] 

«. 1 4tt«7^. NIPJ«t»*AI. t7S79X, Si. 
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y^TsTvomfritU 1 ). 3.5. 2.5. i.8. mwons 

1 1 liCo. Fe. H\frt>1SiZ>mfrZ>mi£tltz&te< ti 1 
g<D&S7cl?i£50at%&-t#iL\ CoCrPt. CoCrTa. CoNiP 
t. CoPt-Si02. FeNiCo. CoFeTa. NiTa. CoW. CoNb. GdF 
eCo. GdTbFeCo. Fe-N. Co-Co03|a>@SMBte(*, Til 
BttJf 1 2li. #B&TifeJf liCr. Mo. W. Ta. V. Nb. 
Ta. Ti. Ge. Si. Co. Ni b £&S?j6 x b^l£4xfc4>$: < 
£ 1 aa>7C^£50%J£l_t^t;. Cr. Mo. W. CrMo. CrT 
i. CrCo. NiCr. Ta. CoCr. Ta. TiCr. C. Ge. TiNbtfO 
#BttT*B. Co. Fe. Nifr&&«&fr€>Sl2*t 

fc:4>fc< 1 S<7)£J^^£50at%J^±^fr. CoCrP 
t. CoCrTa. CoNiPt. CoPt-Si02. FeNiCo. CoFeTa. NiT 
a. CoW. CoNb. GdFeCo. GdTbFeCo. Fe-N. Co-CoOlf<X>S 
llflB14{*£^. 1 6f*N^jtaC. H^JtaC. BN. 
ZrNbN^CD^S^ 1 7fiOH. NH2^<D^tt. t»L<li 

&£tt<7>5fcasg $ m-f 5 / <— ? Ji,* p 7 ;u # 'J X - 

^mammmommmv&^o $stt^mn 3 

liRu, Ir, Rh, Re, Cu, Cr, A I t> # t>^l£ Hxtz 

<£*>! a«)*«7C**50at%ISl±*t?^*, £fc 
[*Ru, lr f Rh(D+*^&a«*ifc*tt< 1 mmWL±<D 

ftmtrt, PdA>&a«*tfc*a: <i:t,i aHEi±a>7ca 

£<D*»*<50at%&±-e****T?fc*. TBBtt«1 

ct y atttm <t a>*&irs»a> w?^v&t y ^-r i^m 2 

M^a>ai4S<t^att+P B 1^<DF B 1lzptl&^<Di£l^^* 

***JBl**fca^*«a<fc*. TJfB14*<b LTCo £ 
TrliCo ££j£#£L. Fe, Ni, Cr, Ta, Pt, Pd(D+^ 
&a«*tfc*<ic< 1 1 1 ao)7c^^^t;^^^fflt>-5c 

iriccty, E*aiu^Hi;tta**&**a*ajui* 

»#«**lti***, attaaa&«/h*<tty-/-fx« 
a*MK£q»£&«. ccr*. t*^. b&b, amis 

ftfc. *isfiiT*fi. T»tatta^T?aAi=/^^-* 

^b^8l:lTfcl)o C<OB. *H«TM** Ar 
E2>l*1-10mTorr. Sffi;^Sl*100-300°C. Sj^ilJgO. 1- 
1nm/s«t Lfco Tife/lClliCr. Ta. Nb. V. Si. Getf>te 
fC. Co60Cr40. Mo90-Cr10. Ta90-Cr10. Ni50Cr50. Cr90 
-V10. Cr90-Ti10. Ti95-Cr5. Ti-Ta15. Ti-Nb15. TiPd2 

TifeJf 0>&mmt1 0*> t> 1 OOnm. CoCrPt & I* L liCoCrPt 
(Ta, V) m<Om&m It 1 0 A* £ 1 OOnm. ft ^JI 1*1 OnmT? 
So IBS«tt«a>Co^^3K«ttSa)Cr$fitt19^e>23lI 
b>h. Pt^Sl£4fr t>20jf fe> K V. T 

a$ai*2*&5JH*/<— fe> h£ Lfco IBSiBte/lom 
m, &%\mit, **ttB#l***l'6*l12-22riiii, 0.3-0.7 



T, 500-1200kA/m^^^b$-y-fco TlBttlOlS, 
fUBlb, a^ttBffte-tfl-Wtl-Snm. 0.3-1.5T, 100-1 
200kA/mT^-fb*i±/c e imtt^JIICliRuCDffe, Ir, 

Rh, Re. cu, cr&mi*&tmmr&m&mwi*&.&m& 
5 iz^m^m^m^^ < *■* c t #-e# * t 

b^tt^, fc/fLRuli^^iSTC^CDtctoPt^CD^fatt 
A*St^0)-e f BttJSi: LTCoCrPt, CoCrPtBUCDPt^^ 

t?***«t^**i3i4**ftfiaatta*a#36«»6 

&&Btttt$aj|Le*l«p-*-«r=r±, 

BttR*opt»«^, attao>*att4ina^a-r«jiL 
aiba)A«fttm«^^«a)iijsaatttt«Bff«A# 

aatta«B*a^*&4i«. dc^* wc»&*i* 
jEaattjs*a*f*RFx/\' ?^a>i/3sa-efcs^. mbe 
ttj:y*.«*#t^. *nnaa>#*ici*, ^afta^a* 

Ir, Rh, ReZmi^ZmtSlt, Ruk&^X ^'>JS^Btta 
TL^So Ir, Rhl4S^Sl7C^<7>fca6 f CoCrPt, CoCrPtB 

*««r*fc«>ic f Bi4^*^pt^^ f attacoam 
tt4>na^a-r«ra«>ptaA«K«»K^&«. Rh. 

Cutt, Btt, 8ttlcS^ST-fcy f S^BttS^B^ 

A«a*«w<|:*ffS tRu. Ir t Re<7)&fStD0.8nroe&Trfc 

^fc^, »st?& f e>*— ;uaizj:*jsaaittt*B 

-3fcA«0)tti**»6*l*. Ru. Ir. Re 14, R 

aatta^a^a&tiiBffcDaHA^oo^fti-ifc^ 

LTCu. Cr«»t^«««tt. Co^BttKita)»Ta^ 

cr^ffiiN^ii^izii, ^-r^Bttm, *fciiBtt^a>a 
BizFe^**iTt^*fc**«:jEaatt«da*A«»& 
^rsuv aa^AFcawosmtt+Hiafrtt, ru, ir, 

Rh, Re, Cu, Cr%,L<\£, Ru, Ir, Rh, Re. Cu, Cr0> 
*Pfrt>m\£tltz'J>&< 1 gSm±O7cm^50at%Jil 
Jb#A/y£#^^ffll^S < ^Sl^o Ru. Ir, Rh(D**^ 

&atf*tfc*a<fc*iaa*5i±fl)7c*i:Pt f Pd*&a 
ittitz&tK tt, 1 aaisi±a)7c**dt?$**ffl^* 
a*jtaaf=j:^TsaBtta*x*;u*-to- 

tt^:tt«. ^til*, Pt. Pd lz£aB&IS*{¥ffi*<*< 
(J=0) , Ru, Ir, Rh, Pt, PdfimCB&WiTtmteOX' 

afpttaWB^oo-e, **a>a*7ca^a/haa-et«- 

Btt*r 0 1^l3(4 f Ru, Ir, Rh, Cr^L<ii, Ru, Ir, R 
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if0«^ffig1.5T(O45Ni-55Fe* F I B (Focused Ion Bea 
ra)*axatR|Cj:y h7^^*S0.5/imro«®«t L. E» 
*-V ? ?&0. 25 /i m tf + » : AI203) t LfcfcES^ 
SPi. Ni Fe/Co(4nm). Cu(2. 5nm). SSiCoF 
e Gnm). CrMnPt (20nm) £IH**SH L. *§«M*I- 
/<$r><bLfdfcl=. *OR«»l=. Co80-Cr15-Pt5(10n 
m) /Cr (lOnm) «fc Ta^Ilg (lOOnra) £ES U 

K r FXf?/<'J v^7 7-fet(ei-«fey^«iT?^i- fc 

h 7 V 1 «*0. 4 W rat Lfc E^K^Setamm^*2 J/ 
mfl)Ni80-Fe20->-;l/ K«-C^<S«3t CV-^UKHPfi: 
0.2/im. *y»^«:AI203) ©?ME»i: 
^•y K***. AI203-TIC«O*#*©1. 0x0.8x0. 2m 

s^<7>ai*i-»-ri.4 5 o kFciicfci->--s.s^ai*<»si 

B/KuAI-*t LT0 9 ©cfc 7 ttHff«M»&*lfe. ifcKuB/KuA 
A<0.7*ffljL4i:»*ffi* t K»*14H^» a)atttH * N6, 
tt*tt*«li** l J ■ < ttKuB/KuAA<0. 4SLtO. 651Ji. 

T-e * « t m®mm t mmm.o>iit*&*&*-<»Hnmi)< 

«§f>5h.-5>o w<Dfc*a>AFC«M*<DKjBttl*, ^SftRJS 
i: (^JgtDflEJfc&W-tfc^-C 3 0%Jil-t*# 

l, an) 

^LHkBt, SB^«14^roaSm75l4«^HkAi:<DltHkB/Hk 

6*tfc. *SiS*SM*i:«>it«l=«fcy. tfcHkB/HkAtfo. 7 

zi&TL&t, &m.m&.mtwicmBo>%mm[*m** 1 ) 
ist^anba^etfty^K*^. ttHk2/ 

HkltfO. 4J51±0. BSJUTT-fc^tfliJaJSJ?^^*)!® 

f=o ttJ3X7* 3 *m«ltfcAEffl* 

U »±lil=l*C-Hflt«l«*«ltfc*®"e» *fc0lO 

(a) i*. ^§©¥^0. (b) ttfMtftt. S£ 

0>*ftiaB4t&K-efcft. CC^Oi, EEPRML (Extended 
Extended Partial Response Maximum Likel ihood) £x 
ECC*te*3&4bLfcHEEPR«L (Modif ied PRM_ 
Dtf^. stffifi4bft«>sS»T*SW«»l=5Sffll'f=te 



i -20Fe*&j£) . 1 - 3T (FeTaC) , 1 . 7T (FeN i N) t U V F 

Lfc*<. IT. 1.3rClttUa»#W**20dBi:ft 
<. +#fcJ&B*E«A<fT*.r. /-CXta«>'C*#< 
HffllcJSx-f. 1-5T. 1.7T©B£l=£ttA»*E»*« 

fc. ^1-^88^0 2-1 48643. 02-21890 

4##«Mti=EB**i.fciMS<=*yi*ffi'fc. 
-eia*:-r-&^fei<»^w*tts-r«) : t.<D-cfey. *ftn.afr 

ft. ECR*/W*ft. ^>Ja^9>fi»-CtB»«> 
Sjlgaqt *fc. *»«-Cll*-r*««E»lt* 

HI* 1 5Gb/ i n2Kl±rolB^S-C fl>Etil?£ * 

sits*. =w=*y. iSp^fTjroffitox^^iamiB 

[0 O 0 6] 

[Hi] *fiwa>ams^^ia. 

[0 3] AFCJS<*(D«^:ia„ 

[is] ^f6Bjro«mi5&K<*roWbfla*SS^-ria„ 
[06] **W©«»B»«M*«>W«>«ft*«*' 5 "*" 

[07] *»w©«fte«tt#«*****£«-r* 
0. 

[0 8] *f6W©«*E«K#l=fil+*«<*y>®** 
7JCO5S«^bS^-r0 C( 
[0 9] ^Bjrosijro^im^^t-i;^®. 
[01 o] Igf<X^gt©ffiti. 
[011] m%^v KO)ffi^:0o 
[»-%CDlftP] 

11 • ■ • ta^fflEttK. 12 ■ ■ • TP«itm. 13 ■ • ■ ft 
14- • ■ iH&teTifeJi, is - ■ -*«tts 

Wl, 16 • ■ • «SR. 17 • • • iB»H. 41 ■ • • S^S 
»«ttt4S-&X*;P4f-J1. 42- • • e-^K«t peak. 
43 • ■ • 5^«14e^Sfit"Hd t. 51 ■ • • Tl«14® 

roWbSKi^ffaa^ibS. 52- • -Ee«tt)i<o« 
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*K 72- • TJfiai4Jt<DV-f-*— ;u— 3fCD(@. 73 - • • 

K3£«14IS£«f^ 8i • • • iEfi«EttJf ro&sa* rosg 

£<b. 83- • ■ TillS14Jla>S«*K&Sg£<b. 101 • 
• • K^&t*. 102 •• ■ am^-y K\ 103 ■• • n— 9 . 
'JT^faX-^. 104- ■ ■ ElStftSlt. 105- • -7 



—A, 106- ■ 3 108- ■ • 111 

• • -S#ai^-S?. 112- • -n±U. 113- • 
Sim*. 1110- ■ -#«t±Sfi. 115- • -V-7UK 

116- ■ •»«*£a'TJU. 117- • 118 - 

• •««(->-;UKff|gffih 119- • 
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[JitUS] 3#8fl1 70 (2001. 8. 

7) 

[*ijE**SUS@«] £X 



[M*a 1 ] #ltt«Ltl=l«t**i.fc»* < fc * 2 IB 

JtHkB/HkaA<0. 7fiTF-C-fc & C £ ilftESK 
2 ] ±i5ll;*14at#0>ifcHkB/HkaA<O. 4«LtO. 65 
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vltv & s c t t -r zm>*m 1 i-ieero«saiB«i 

[|§*«3] #ffitt*«±l3»f££;rLfc'J>JS:< £:*.2Ji 
<7>«1±J1<!:, g«ttglcjfc**t, S«14JfaHHb££¥ 

(ttfcot. St6l-iSL^(D«tt^B<02 OO^UfV 
(-fclt*««*i: 1 OO^f >l=fcl+-5S«*i<t£*£ 
*rSMS?gK*MfLfcfilHcoB,fc, ««*>&itLMl!l©«tt 
Jf ao>2 o o^r;ub'>l=:33it4Sffi*)i: i oo^e> 

HcoA <fc <0 ifcHcoB/HcoAA<0. 7 JJIT T? * & C <>: £ <f$» i: "T & 

[If 4 ] ±SB««7J<DifcHcoB/HcoA;&<0. 4J*l.tO. 65£l 

tfco 

Kfclt i ooy;Hf>l::fclt.&ftlSai:£ffe 

fflAflJ2 0 O^JUe>|CfcMfS««*i: 1 OO^uev 
£HcoA, IB§iIHtii?£gM<t LTt&fr-iifritxmi^&m 
•v 0 0) +>C>^o1K14gA{DJ?^*[pj<0 4"D TrHcoA k 
•>:frlS]-*<DfS#ffi£dH/dx, ^ffiaiH^ffl^'V K£ffiO 
^wair-fSt^, fit (HcoAHcoB) / (7TaxdH/dx) *<0. 
[18*^6] ±|5fii (HcoAHcoB) / (waxdH/dx) A<0. 9 

ia-h. i.5jaT-c-a6Sct*^e!i:-rsif*«5iztHii 

[p^«7] 3MB1tS«Jil=fBJ£S*lfc'>*<<kt2lI 

(tT-ft^T. S«t::ifilMllCD«14Jfa>«§vJt^tei*.;t, 
;U4f— KuAtrolfcKuB/KuAA^O. 7JilT-efe-S C k ZftWlk 
[H#Jg8] ±IEJ±KuB/KuAA<0. 4Ja.tO. 65JilTT*fe£ - 

fPtiaLxm%t&m£ittz&, isss»3oooA/i»ro 

«»fit*<^'S< i:t,2OJil±(0e— j?*^*., se-^ 

a&* c <t %®&k -r -sn*« i iHKroamiBgjg*. 



o] #fattaffi±lrJB«**tfc'>'5<i:4,2 

SW»L-CffliSififQ*-a-fc», «#jl£SfJ>3 0 0 0A/m 
•Sf&ttfit*^* < fct 2-36l±<oe-^^}#*„ gtf- 

[it*:® 1 1 ] *«14*«±lc©jiE*^fc'>fe <tt2 
B«>ttttJB£. K«ttHI=tt**i, §t«&Jf<D3<b££ 

e. iSt^costtgcoiafQflSfbirit^r *#^c t £ 

[f»*«1 2] ±l2*«|CjfiL^ro«tt^<bLTCo * 
fcttCo SiSt^tL. Fe, Ni, Cr, Ta, Pt. Pd<D*J^t> 

[!S#£1 3] ±mm&'t>Mmtf, Ru. Ir, Rh. Re. 
Cu. Cr. AlA>C,>S4SA>P)SIS^tfcd"S< tti 1 S<D* 
Jl7u3t£50at%Jsl-t^tJ^&, *fcl*Ru, Ir, Rh<Dtt3*> 

IS*if=^'S< tt1 gHJilJ:<&5niil£O-&§f-j!><50at%ja 
-hT?fc.5^-efc-Sci:*^ai:-r-5ii*]ll ISSOffi 

[§f3RJSl 4] ±IEI^«14*PBlJl^RF^/<-v5»a-C^ 

■r s c i: -r §ig*^i3icisaroaai5gi«t*:. 
NiA^e,^E-5i$A^€,sl^*t/=i^>'^c< <tt, i mo&mjtmt: 

SOanWJi^fceBlSatt**:*^. Sl^. -hlHSffilc 
ifiL^^l!l«)«e^A<Cr. Mo. Ta. V. Nb. Ta. Ti. Ge. 
Si. Co. NiA*i=>fc.5i*j&*&gl*;h.fc4>fc< it 1 a<05c 
m$50at%m±#ti^«1tTlfeM±l^©fiE**tfc C t * 

s^^ff ? - k z <&®kt s«msaiigM. 

[0001] 
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;UV T R $<D««£Sffl©«&ftE1S£Satf *©«ftE 

•5. 
[0002] 

[«*©&«] «««s&©Eit <E&) *«!=•*. 

tt<D«A* 6 WWEWMKI****' 1 =E 'J MBH & 
sW t u -cattt* j» * 'J tfffl l» 6*fC t*«. * 

ij o>±m*. isf^^si. «« 
jiLSjBft-riaftBiin^JB^ ***** 

B»**tfc«ftflM»*'»*'*'* fc,b - «****** tx 
LI*. *«««Hk*WfflUfcWt»* t «l % 6* , '*« * 

jii-ei*. E*«ft**»*« K>*;us«ft«ec«i*t 
*K**HM>W«- c*v&«^S?l*. «ft^K4=* 

gf^^ gig©*******-*". <■> ss 

©¥®I2. (b) I* (a) l=»**lfcAntf "»?«>■«■* 

^ ooicfcyser*. hi o-ei*5ft©at 

*V<rX9. i o*©«ft~? K£»«LfcW-*3^ 
-C, Mf 3«lfci«^f K4*l=ol»twL 

kiiK flSftT^x-? 1 *ia-t. wa^v k i *»±u* 

*il*ai>. ttft<^? Ki 0 2 1*. HW*E«i*«-t 
ilft^vKI*. 7-A1 OS^Lta- 

> 1 o s i*. atft^ K102 *es«m* i o 1 i=btS 

©WTfWLOI+*«1B*r*-*. w*«*o»» tf 
t«ia>Awai=i*. BisroiftH*****'**- 

TM±. PRML (Partial Response Maximum Likelihood). 
fc*l»ttC*l*X>/\5/X LfcEPRML (Extended PRML) i: 

C*iP.I*. 0 8«M«ttt6W. «ft^'> 

Ki=»«'**tsfliaa>»*a»a^^««i»i*. 
i*ai i {cs-rwafrfe**** 1 ** 1 1 

I*. W»#«a<OH 1 6^tiS±Tl:S*^i« 
4 . ««1 i7ttfi 1 81*. *l=«UK*->* 
3*H**l=je«**»l" fro******** **= 

*»©IBI=I*. «ftM'fe->--'l'K^*** 3 ' 5lK ®1 1 8 

tfwt&tt-ci**. mums****' i 3©thi-i* 

14, w©V-;uKHl 1 5 i: »«(->— * KHftffl) 1 1 
8 fc©IBI»*«<«^«^** < jy±©«i«6S5i*- 



.tE*ft~v 1 1 0±l=»***fC^*. 

[O O 0 3] 

t*»*fc-r«l=l*. Hi o©E«t*i o i l=E«* 

&*Ti**«ftEWM*i*«M x fc*»»*' e * , *** l '' c 

< ts. y / w < * ^ *=• t - 
*u=*u u 
&»<»m*Km L-c«tttt^ra©«sff < -r 

©**6«Sl±»»*Tf * fe^ElttlSW* 1 5Gb/in2 
a*«l±©EE»*K-CE»W* L * 3 i: -T * t . •* 

< 4 & i?i-*4^ 

tt1b©XS (»*«) OTBH*Wlfc* , '" ct% *- 

y^X«3«©fc«)|-® ; f« ) S* /,N * < ' r * tS ^ 
izftS. c©fc*>. Jgmblc«feoTgm**vfcSm«ft 

«B1#**fCL>-5. *fc2000*f©lntermagBJg£IiT?l*. 

waaamtmt lt*±«. iw*y. wt»**u* 

*LtR«lWtttl=«HrLfcEWW* (AFC**** 
,S) OTl***tfc. C©SiL<S^**vfc«1*l*. 

X; @3*fflL^-C**W©'<-^t'te<SS3S«tt$S& 
(AFC) jt(*l=-3^r»lB-r-5. 0 3 14&ft©»iffi«i! 

1!tltcTmm&m^ z. i 3 **l 

3*LTRu£ffll^t. ES«ttHl ItTlHH 
**x*;u*-JI*. Ru^*tt*M»1 3©J5*lc«L 

^x*;u*-JA<IE©tt££: « t #|c(4¥ft|-ES^«> 
J:5'SSEgi«S^ffl* t ®<» *=-CRi*«tt*nMi1 3 

©**sft«©i;— ^ fc,= * y ' 52 
fllttttm l©BHbi:TB«ttJBl 2©«4bt«S»« 

ft® i ieMkMlft««tt. TP«14^i 2©K 
*fc»«Mt©«*y** <S5*<n ®i#©^ 
|=, EftfllttHl i tTlKttn 2©EW«ftfc. a 
ik^ttx*;u4f-Ku£iaLi:ffiSU ES«ttlH 1 
©ttT(M*v1. T^mi±^1 2©»^<*S*v2fr 
4„ £^Ktt«ll^fflA<+»3StMg^l-l*. *#l*«*f 

wsiig & #i**<isi-t-r «>Jts t « < =Ku * v/ (k+T) ' 

k : 7t?;U>V^>S», T : *&S*iaS)fii*<Ku(v1 + v2)/(k* 
T) b*V. E»K14B 1 1 »u*vD/(k*T) ICtb^ 
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"C, TJHittJf 1 2O>&-DK0m C(Ku*v2)/(k*T)) t£tt 

I 1 CDWtiTSatttBl 2CDiB<t.fc*<£3MT-efe-Sfc 

£t*0>£fO«Hb*<lix*WI::X'> L T Us (v1-v2) /vl £ 

iS^^ttaS (2*Ku/Ms) l±, (2*Ku/Ms) *(v1+v2)/(v1 
tfm&Zil&o LfrL, 2001^<DlnterraagBfg^a-e 

i±, s?iaitt*s£*<&* y *s* < &oAFc&t*-ci±s£ 
jeiftfonaw&K/sffliiiB&astt^ajK^fsirisis- 

SrfSo fcfc'U J:TJlCD8^*H±*<l§:(S^Ll^CDAF 

®*>tztMz±i*<»mm&m< t £&x&#tt<D&§3» 

Sii^^l^lH^ttttg 1 1 CDffiMbirTJffiStt 
H 2<B8Hb£*<¥^f-fc^Ti^^5%;u*<?8^£;KT 
os. *a^<oawi±, m^mm, <s-/-rx 

s*.e&tt-rftw&i=fc«. 

[0 O 0 4] 

[Mftffx-rsfefta^M .tEg wens-rat 

II KBBMbt. l*ff¥?f-T?&o/=TliBM4Jl1 2CD« 
<bi:A<SftlSe»^ro^§-CSgL. S¥ff(='SSil^-efc 

ro&^tfffE^jeSET U ±TJn?£2R7fc«rtba>*t<t 

i*. »B«<b*<*£r^TS±##E*<£fl:L. s»x« 

fits on*. *ttibfttEft£*i«£ffl-c&S. C<Dh 
5-y^*fiii=«**WJBiLT«9U&a*-a-fc«, ta#e 

■C«mffi«llcSb-li-i.iSS (M-H^-^) icfcixri*. 

mm * *tfc«ttS(D#s r t ©BKbtfSfc sxs-eKfc 

"f SWA'SSI;**!.*. 0 5 (a) I*, S»3 0 0A/«iro*# 
3 £X* £ « T X£ L f=B1£JI 2 Jl * 6 ft -5AFC 
!Sf*<ott-H;p— -^co— wesLfctwefcS. laroetffi 

i*. x*«i=«j«BJtoLT«.MMiii::B a 
* £ e. -7 -f ro* # ^at^s^b-r & ra i- * 



#< 2isiic»itr^bLrt^-5<0A<»A''S. nsros 
-fbl*. ^^©/h*ft«*-e«6^LTfcy, «<b©g<b 

a*<<ft*«>«<b^bai=ifc'<T/j^*o-i:^c,Tfsatt 

Jfro«<bElKlc#£LTl*€>£%x.e>:|x£. 
*#tt«#M~asif£«<b(D£<bl*, ESt«ttJ§0>BMbJE 

H5(b)ii r a 5 (a) ©siaoi-Hvu— ^ 
Jh. j e*icoai<bsgic^Lfcf-^*<me.*i.s. isa> 

eST-ii, St#fWO05Jfi® TJl«1tJia>lHb 
SISI=#5Wb«)2E<bl*>H*LT:j3y. WEW*<*T L 
-CO& <!:#*. "aft-So 06(a), (b) I*, 05£I^CAFC 
J«t*£«#3 O O 0 0A/ma>*££T?«#p.£X4>£-&T 

5. 0 6T?li, TB«ttSW«Mb£K-r*«#jW5l§:0 
^i»BLtl»40tf»4««. C*U;fc«#a>£<b*<*# 
A^ofcfctolrTMKttHA^bS^-r-S^-f S >^A<3I 
^*ll=»LTES«1SJg<0«<b 

&$^&8^i*&y*£fcS<bAtm*:K>si\, c©hb 

l±. TBB1^att<tKIE«<BA oTtt*Klc 
jgoTU£i:-r££318?l,*>-ri'>. HIS, S&3 0OA/ 
n>0>«#^X'J>-e : fcS!iSSg££i6 o)gTif*cti=«t 
y, @6 tm$^ca-»ju— y^mattz, @6-t?i±, 

BJMtO0>BStttt0!>&#, TSBteBa>«HbK*s(*. 

*e>ic^p B m<b-r-So H6©xsj:y t.3 6. 
(=*#fc«JME<b. *fci±<ty«s-erosiSTftt, tb 

•5. £LL0>;i 1 ) AFCJdH*fl)B-H;U— ?*fcli^ 

0>«#M8t#£18'<.5C±:»3 < fcy, WE5iJ(0ttjHA<ffiti-e 
2) ii^i^:raeffa>B.fM§5iaae-£ 

feO-CSii^-Saic^-f^f A«l EMEU K»*y»# 
icA**-r?ro^eiKiio£ ytfrt^jt, c<o^K*r-ic 
TS«ttH«>«ft:SeA«»#3 y SE5UA«ST-r 
O^g'trOSAFCjffiftlzfeLxTSMLfciC^, 0 

ooA/mO>^:#£-eaE^e^'(b£i±5iS^»cii, 135^U 
e>|:TB-H^-?a2*L, -E-roKl^ia^eBlofci: 
£. TH«ttB<»««bjSei=»*B-r4e-^e^jl*« 

as#M§lli§g£ii«>SJf^rl::l*, iffifcfcy83 0gl 

fflLrx§fi«aEtiSseil^-rsici*, tt*iGH*-e 

j*n9SXEXttit:tt, AFc!«{*ro«fiEe*-rtror-fe 

ffll<0«1±®$Egffi;14Bi:^--S. ES«ttBcomJli:-f- 
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Si. ?7Xf^»&4«.5, 2.5. 1.8. IS 

*&|C«BI-Ci\ Mo. W. Ta. V. Nb. Ta. Tu Ge. SU 
Co. Ni«t&tt***ibSI*ftfcd>tt< S<Dtc^* 
50%6LL*fc\ Cr. Mo. W. CrMo. CrTi. CrCo. NiCr. T 
a. CoCr. Ta. TiCr. C. Ge. TiNb, *BtttCoCr/CrT i W 
ST*. » «ttCoCrTa/CrTi/CrilHTife*a>*attJB * 

»*ft«c*i=j:y. Ti«tti, iBSiattH^ea 

IfeC, Kfltt*MH«"C»*« «B©#«ttB**JHb 

ftOlifet, 3EU:»*Ll\, EB«14BI::l*jB*«* 
IBftKft^ LTffl^Tl^*. Co-Cr-Pt. Co-Cr-Pt. Co-P 
t. Fe-Co-Ni^^^C&Co. Fe. Ni t>Stf*l 

B«ttB©fiW«<bA<*ftl^K£p TJffl&1£Jf<DKJl£ 
JltLTCo *fcl*Co ££J$#£U Fe, Ni, Cr, Ta, 

pt, pdo+fr&»i*ifcd>a< 1 aa>5c**^t?^ 

**«t^«-fcl=*«. EMISBfcBCIMMIHIfc* 

ttg izB (?K a » * tiX * £ , Btttttt^ * < 
9ij;-fX«l»WWt4*. gHitt*BJil=ttRu 

Ir, Rh. Re, Cu, Cr* £ Bft"r*«ttH 

m \z. *, fc « * ^ k RBBtt**** £*ft<-rs::£*< 

T*ft*fc%x.&*iTl**. fcf£LRulia*«l5c*CDfctf) 
Ptt<D»Wtt3b^t^O-e, Uttl^ LTCoCrPt, CoCrPt 
B^OPt*-&fc^*ffltN^ii^l3li^#*J5^ i tt*S 

Ktictt, tttttt4 , <&pt»jS'tf>, «ttBia>*«tt*ra 

<-T*Olz*S!|-l»ft*. R3S«1MS*«# 



fc*l4;fcft*RB«ttlSS«JW»fcft*o DC * A " *> m 
tf l«»6*i*S!«ttlSeilMtRF^ rtS©i/38I 

1£*BBfcLTIr, Rh. Re£J?!l^*S^i*. RutJt^t 

^RMBse****^*^**- sffitc^b^^fc^ 

CrPt, CoCrPtB*a>Ptt*t*#«fflt^**l-l*- R 

•e, «ttKfl!>ff«lt*iui«t«-r**Bsa>ptiartt** 
Rh. cui* f sit, attfcst?*K-efcy» 

R&aMMBftBJW*:*^**!***^ lr, Re^ftft 
a>0.8nmg«-T*fc«fctf>, »*t?&, bf>*— ^HSM- * 

Ru. Ir, Re (£, KBB1^4HM£<*&*t 

esitttffii-tr*. crtfflt^4»*ici* f 

5»«ttlS**#^»6*fCfi^. ■<6^AFC«t(*fl)*« 
tt+fBJBlZl*, Ru, Ir, Rh, Re, Cu, Cr£ L < it, Ru, 
Ir, Rh, Re, Cu, Cr0>P* &»«lfc*fc < £ * 1 9M 

|=, Ru, lr, Rh<B+**t>Stf*vfcd>fc< *» ftS^-t 

tt*X*;U*— £ O - 5mJ/m2(DlK^KBtf S S A^Oft 
S(c«»-r*c4:A^pr«ta:*. -*tli, Pt, Pd ICS 
a«tt<S-&ffffl*^< (J=0) , Ru, lr, Rh, Pt, Pd*< 

9H^ftAFCJH*<D*«tt*BBI=l*. Ru. Ir. Rh, Cr 
tL<li, Ru. Ir, Rh. Cr©**6»<*tfc*fc< 

^*«^l=tt. S-T^^ttm, *tcli«14K<7>aiilCFe 
A^**fC I* * t * ft fcKSMtt******** 6 *tr A 

tz(±, BBtt»B**fflt^*0)*«Ai^ «B#£BI®^H 

izR]*p-r'&-t!c«fcy f B«iz««ji*tti*fti*^«t(t 

a)B*tt«#HkA<B£'Rr«Bttt*(J. Appl. Phys., Vo 
I. 85, No. 8, 4720(1999) o ^RS^^»*f» atftBIB 

J±*rr «te«ODtt»«*«KSBs, t-ri>t f A 

(Znf/r) ^2= (Hr-Bs) (Hr-Bs-Hk) 

T^x. & tt6*««*HrA<#«ttB<0Hk|c»Jt Ltib 

*i.£ 0 itt«*SI«tt (MFM) I^J:y, 

AFC^<*(DTPattM<7>amm^14 
^HkBt, BilffllOlIliaWIWkAfcOttlM/ 
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£L<£l\, ^Ft>l^, itHkB/Hkajb<OMJU±0. 65&~F"efe 

m<D&m<mt> o ^sb («#» -em^o^bta raj ^ $ x 
y, ^-f-*— ;b-^4nD«»*a« f s»«tte^«* 

HexB£P¥A,T*l>&o EfiffittJl £ TB«1£BCD£&fi&te 
W^SItiS^ffiCD^^^JIi, HexB/ (MsB*tB) Tr^Ht 
ti^o fcf£U MsB, tBfS, TB«ttB<Dl&«]«<b£K 

<7>««*r*fci>o TBttttBl*fBK«teBlzifc'<T»S 

Tfcy, 2 0 0^e>feWi o o$-;ut£>lzfcit& 
«^j§?liisiccfc 2 o o t^fe^i; i 

tt«*fc»LTRff4 0%fl!)litatPorUfc. Eit&tt 
BOtt»aJK*Jt(Cj3ltS«a*HcoAt f TBfc1£B0) 
$fe#^Jt ^£ l= £ If £ fiB *HcoB 1 0>itHco2/Hco1 [Z 
■r-&«^S»e(Z>*Kl(*, tt«**tta>JfcHkB/HkA£K 

**t*#L^»ftfztt f lailSttO/l^ftTilttlli: 
SlA^ttftflMbaV^ttB^, ES«ttBO>a»ttfi«fc 
y^^K**t»«4*iT6«, TB«ttB08Hb»» 

ff^KH *» lt«»43EdH/dx A«a*jb S 4iT I* * C * 
tfflBLfc. E&«ttB<&®»ttfi£TB«teBO>S» 

l*^ljil3>85^-r^o ffi (McoAHcoB) / (7TaxdH/dx) tfi 

o.8 e ky/h*^a-&(ci* i TB«ttBO>«Hb«?£*>£<D 

* «* 3 ^* y , Biba*iiM:iL»=Ji 

^-T-So fit (HcoAHcoB) / (7raxdH/dx) A<0.9£1±1.5 

SlTtWiB, FMmMEa>ft*1b«t« 
t>*L& e fit (HcoAHcoB) / (7raxdH/dx) £<l.5£tta.« 
S^rwliEe«ttBa>»»^ai:TB«ttB<DS»ttfi 

<tcoM^^-r^r^-> kbji*<sj:4/£K&&is at 

ft**ttX*;U*— Kul*, ||«*Hk=2*Ku/Ms^ t,»ffl-r 

«*, Mft«AO)/<iUXl»nBttfftt«vsM»S^>X 

DC5^«^cfcy*^SharockO^{C^-f yf-O^Lt 

& k * ^SA^ t> nsa k 5 =ku*v/ (kt) £<s o riraj-r 



lS®«14B<7)atmm^ttX^;U^-KuA^a)ltK U B/KuAA< 

0. 7*fi7L £ <t »»ffi^ieeatttB*a<z>attBA^ * * 

y « < fc£o ItKuB/KuA^O. 4fil±0. 65&T 

r- fc s £ m^mm t mmm<o&&mto&fro>#mm&& 

B, TB«ttB©¥frE«*1&*i:LTey f 
<b*l#l\, 3 (XriUfXCT. M^S*)?3 0 0 0A/ra 

£o EESftfcflMWMMKI*. E^ffltSStrtaS*^ 
h^'V^ig^O. 5//m£n^T*fc£W£lS§ : ? L £*rr 

■c. «^aa*sca>«iit*«yT. mikffic»stt2o 

dBisiJia>SMS/NA<#t»tL. EPRML*>EEPRML. KU'jXfr 
-£§■. ECC^ < bjfa^^-fr^^T*SIB^S40 Gb/in2fel± 

1. 8 T\ck±omm^mi^t=.^v F&mi^&zLtv, £ 

(gmr) . &lSh>*)\,m.m%^v Kfcoi^TI*. » 

UBS 61-097906. ^H 5 ! 1 02-61 572. ft 
i§¥0 4-358 3 1 0. ftMPFO 7 — 3 3 3 0 1 5. 
&^H¥02-1 48643, 02-2 1 8 904-^ 

*»«frE«*4ir^*aiBT?*y. KrFXf^l: 

«uvy77-f, tL<i*FiBjpia«*$ittL 

[0 0 0 5] 

^>o 1 4li**vX. NiP^^^rAU -tr^5»y^X. Si. 
^X^^a^&y. 3.5. 2.5. 1.8. igf^RM 
MKttf-^ *— KJtOffBttaMR. ESB14^ 
1 IliCo. Fe. Ni3b^&ft*»3^&»tf*Lfc*<P< ttl 
^|CD^M7C^£50at%JU-t^^;. CoCrPt. CoCrTa. CoNiP 
t. CoPt-Si02. FeNiCo. CoFeTa. NiTa. CoW. CoNb. GdF 
eCo. GdTbFeCo. Fe-N. Co-CoO^Oe^SBttf*. Tl 
IfiH 21*. #«ttT*BI4Ci\ Mo. W. Ta. V. Nb. 
Ta. Ti. Ge. Si. Co. Ni t> ZMlttltz'PtS: < 

t*>im<07LM£SO%)el±'gt;. Cr. Mo. W. CrMo. CrT 
i. CrCo. NiCr. Ta. CoCr. Ta. TiCr. C. Ge. TiNb^0> 
I^BttTifeB. Co. Fe. Ni*^ft*»^&atf#t 
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t. CoCrTa. CoNiPt, CoPt-Si02, FeNiCo. CoFeTa. NiT 
a. CoW. CoNb. GdFeCo. GdTbFeCo. Fe-N. Co-CoO^<D*S 
gfHK14(*£^*K 1 6l£N;SftlC. H&JlDC. BIM. 
ZrNbN^(OiIK. 1 7 liOH. NH2*0>«»tt. t L < I* 

l*Ru, Ir, Rh, Re. Cu, Cr, Al A> £ ttSPfr t>gl£*lf:: 
'J>fc < £ 4, 1 acO^B7cm^50at%iU±^t;^, ^fc 
|*Ru, Ir, RhCD^*>^Sl^fc / >*<ttia^±0> 

<h<7)^tt^50at%mJi-e$)^^'r*fc^o T»«tt*1 

«*: U ttttH £ a>te^«sa> v ^ > ^ « 2 

fcliCo U Fe, Ni, Cr. Ta. Pt. PdO)*^ 

tizjiy, E»«tt*fcPit*»«»^ ******* 
»^**iTt^*t f <*y'*x« 

*tt*jMB«£ft*o --"^ T*feBL «ttJf. *B6tt 

Sfcx&ftSflM-LTfc*. -0>(8. I*. Ar 

E*l*1-10n»Torr. 1*1 00-300^. SKSSffO. 1- 

Inin/stLfcc T*JB^I*Cr* Ta. Nb« V. Su GeCDte 

Co60Cr40. Mo90-Cr10. Ta90-Cr10. Ni50Cr50. Cr90 
-V10. Cr90-Ti10. Ti95-Or5. Ti-Ta15. Ti-Nb15. TiPd2 

o. TiPtl5»©****Hft^Li*Jiaa>*BII* % 6* 
&2JI£ Ltfflt\ T*«J*0>JKP*K»*ffi*t'fc» 
T»*O«BIJH*103b^6l00nm. CoCrPtftl* LttCoCrPt 
(Ta. V) 3f (DKttJf 1*1 0*> fc> 1 0Onnu I* 1 0nm T* fc 

«. E»«K»a)CSo$**«tt»«)Cr**l*19^&23K 
=f.^— -fe>K Pt$*l*4**&20«?-/<— fe> K V. T 

J? f ttftttlt, »^1t«*l*^*t-r*t12-22nm f 0.3-0.7 
T, 500-1 200kA/m-e*ft*-frfc. TJiffltttJitDBIJP, fi 
IHMb, »»tt«JW***t**t1-8npi, 0.3-1.5T, 100-1 
200kA/nrc»t*l*fc. #Bltt+nB»(=l*Ru©ifi- ,r > 

Rh. Re. cu. cr*mi**tmmir*mimM*Bmm& 

5 l=JE3t«ttlS*«»S*# < r * C <fc * t^TL 

&tiri^«. fct£LRui*e*«i7ciS<ofcAf>ptta>Sfott 

^Sl^Ot*, LTCoCrPt, CoCrPtB^(7>Pt£^ 

«ttK*<DPt»a*. «ttna>3p«tt*nuji^»-r** 



fru:***<flUBS*i*. wicrfxa- 7m-ci***«s 

aitt«6«fftf»&*l*. DCX/\' ?*5fc"CI*"C»&*'* 

s^attte^KffttRFx/v ^at(Di/3as-e**A^ mbe 
3**y*(6**t^. *iBHa>«*i=tt- *K<rts*«* 

Ir. Rh. R»*JBl*«**l*. Itofctt-<T**R!MMM> 
tlx-5 0 Ir. Rhl*e*JS5c*0)fc«> f CoCrPt, CoCrPtB 

tt4jrastis-r*#oa<z)Ptan6*«*«&s^fc*o Rh, 

Mft*l::JS:<&J*S*iRu\ Ir, ReO^]^CD0.8nmag-efc 

IfLco^-f x^®rta>A^*y4rA^*<p BiftWttiZ)** 

ofc&M(D&<**<#b*t£<> Ru. Ir, Re 14, & 

crt»^*«*i=i*- mt^m^m, *tz\*m&m<Dm 

Rh, Re. Cu, CrtL<l*, Ru, Ir, Rh. Re. Cu. Cr(D 
*3^&att*lfc*«:< ^ * 1 «S^-tO7C^*50at%J5l 
±&M£fS±GW*t&l\ ttlz, Ru, Ir, RhO^A^ 

5 mJ/m2o>j£;t^«Efflt? § S A^oftSlcM »r - ^ ^ pT 
-*tl* f Pt. Pd |zS!ft*tt«*ffffl*«»< 
(J=0) , Ru. Ir, Rh. Pt, Pd*Mai:a*l*OT*ft<BT? 

izasry*oTi^*fc*b , cft*o ^^f^cmwo^ 

mUtpT&miZlt, Ru. Ir, Rh, Cr£L<li, Ru, Ir, R 
h, CrO*^&atf*tfc^ft< t*> 1 a«)2l±<D7C** 

aa*ffiSl.5T0>45Nl-55FeSF I B (Focused Ion Bea 
m)*PXa«^«fc L J h 7^^*80. 5/1 ra0)«tt*r t Eflk 
^■V^^fiO. 25/lm(*^^^*f *■ AI203)d:LfctrIB^ 
N i Fe/Co(4nrn). C u (2. 5nm) % ^S^CoF 
e (3nmk CrMnP t (20nm) ^Jll^^^ L. J£fi2tfcl^ 
/<$>itLtc'ik\~. *<Dm$m&l^ Co80-Cr15-Pt5(10n 
nO /Cr (1 Onm) 6 ct tfTaWmm (1 OOnm) ^IBg L . 
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m(DNi80-Fe20->— FmV&A,t£mm. (->— 7U KHUi: 
0.2/lm. ^-y^»:AI203) 0)m!£&t S«S 
"v? K1?J, AI2O3-TiCg<D*£S0)1.OxO. 8x0. 2m 
matOXT-f^l^fiELfcffiSt^^ KfcffllV. 01OIC5* 

T^sefEroatmr-f x^^Mi=iiSLrRffiLfc. suit 

M«0>ai*l-«-ri>4 5 O kFCIlCj3lt4S^aj*<D9) 
^T-fc-5»<Sttl*. TS«14HOT{a§iJt^t£x*..;u*- 
KuBt, IHSiKtt^roaSS^ttl^^^f-KuAtCDitKu 
B/KuAlzSt LtB 9 <8«fc 5 t>*tfc. J±KuB/KuA 

£5«E*&«:<fc y S < £-5. i£KuB/KuA*<0. 4Kl-tO. 65K1 

#t,*i-5„ croi:#<0AFcfiE#roK/9fiii± ( nam? 
£ ^Sgro^JfeJKftlclfc^T 3 o %JiLt;*:# < T? # £>. 
1 3 5^;ue>(=jbNtS«fcffifgOTS^T?TJfTifeJf a> 

oyo^iSir^ofc,, mmztitzT* x$£mH»ya 

L, ffiS*lMI8[@t (HFH) l=«ty, ffliS^OTffilb®^ 

♦gssfrrst, AFc^«:a)Tgatt^(D«as^tta 

#|HkBt, IHfi«tiJf <&«^K*tt«#mA£<&l£HkB/Hk 
t.*l.fc. #H®W!««:«t(OU:SlCj:y, £bHkB/HkAjf>*0. 7 

ee«ttJBtHi:Bi»©#jBffirt««:«):y 

l£Ofcffi<b5I^.kfcy#*L.<>5:l\> *e>lc, JtHkB/ 
Hka*<0. 4Jil±0. 65JaT-efc*T.I*HS!lMJf A<SHa>*S® 

tomtotmmmaitvittmitm&tsiimzti&o 30^ 
;ue><o«fl:fttgi¥ffiicfcoTtsiB9W5gife-t-sj: ? 

fc. ttfi*?* *l*«*Slje£3>rJ5rlSlffcflEI9i: 
L. 5?±0KI*c-Hftg|g£ISI-J-fc4,<8-C. *f=0lO 

(a) i*. $bo>¥S0. (to i*»fBH-eft*. s£ 

(Om^&H^WC&^io CCfl*. EEPRML (Extended 
Extended Partial Response Maximum Li ke I i hood) £x 
>/\>*U ECC«Mig£&<bl,f=MEEPRML (Modi tied PRM 
Oi«. ««j[ftl»«)a» : F»*ii»l:iSJB Lfcl 
#*&31ls]S&£3iAL.fc. EflWB£tt*aiT(80N 
i -20Fe|flfiE) . 1 . 3T (FeTaC) . 1 . 7T (FeN i N) £ L tz ^ K> K 
-CtiffHSLfcA*. IT. 1.3Tft*Sta*#<814*<20dBi<£ 

<. +»«=s«ftftSB»*<fTPi-r, /-fxtsi«>T*t< 
n^tr«x-r. 1.5T. 1. 7Ta>*#i=y=wa#)EEEs*it 
m-cztz. J^^±A^e.1.5TJi^±li!&s■cfc^^A<t5A^-^ 

fco Mt-^^^F 02-1 48643. 0 2-2 1 8 9 O 

4^-«-^iciam**tfc«tBi-J:yi4f^Lfc. s^h^ 
ufc^izi*±< m&omgfimbixtzw. met-?? 



■en^-rssfiKosi^^fts-rstror-fey. 

e> ^ i^sai r- # 4 mi= as i* x t n a>m m 

lc«fc4xlil5Gb/in2Ul±<»IHSlS5g-ca)te^S^lDtoT 

[0 0 0 6] 

[0®<OfgitifciftBJ] 

[01 1 *3£SS<D8i££jR-f£S@. 

[0 2] *%9iattftlEfttt<*a>±£9tt:g:BI. 
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